for the 6-tie pattern with 3. 81-cm (1.5-in.) compressive inserts. wide inserts installed on one of the two opposing platens required about 21% less force to achieve the same compression density as the standard platen. The 3. 8-cm (1.5-in.) wide inserts are suitable for use with the 1. 90-cm (0.75-in.) wide traditional strapping that is used in the industry today, and the 2. 54-cm (1-in.) ver 99% of the cotton bales produced annually in the United States are packaged at universal density (UD) to obtain reduced freight rates and to reduce storage space (Simpson and Anthony, 1998). These 226.80 kg (500 lb) bales are compressed to about 640.72 kg/m 3 (40 lb/ft 3 ) in a 137.16-cm (54-in.) long by 50. 80-cm (20-in.) wide by 48.26-cm (19-in.) deep (direction of compression) space before six or eight 218. 44-cm (86-in.) to 226.06-cm (89-in.) restraining ties (straps or wires) are applied to hold the bale at a density of 448.50 kg/m 3 (28 lb/ft 3 ) with dimensions of 139.70 cm (55 in.) by 53.34 cm (21 in.) by 71.12 cm (28 in.) (Anthony, 1999). The platens that compress from the top and bottom of the bale are 50.80 cm (20 in.) by 137.16 cm (54 in.) in cross-section with six or eight 2.54 cm (1 in.) wide by 3.81-cm (1.5-in.) deep slots spaced across the width of the platens that allow placement of restraining ties ( fig. 1) . The slots are sufficiently narrow that the cotton bridges them and the compressive area is 0.70 m 2 (1080 in. 2 ). Depending upon actual density, fiber moisture, fiber distribution, fiber length, micronaire, and other factors, about 3560 kN (800,000 lb) of
ver 99% of the cotton bales produced annually in the United States are packaged at universal density (UD) to obtain reduced freight rates and to reduce storage space (Simpson and Anthony, 1998) . These 226.80 kg (500 lb) bales are compressed to about 640.72 kg/m 3 (40 lb/ft 3 ) in a 137. 16-cm (54-in.) long by 50. 80-cm (20-in.) wide by 48.26-cm (19-in.) deep (direction of compression) space before six or eight 218. 44-cm (86-in.) to 226.06-cm (89-in.) restraining ties (straps or wires) are applied to hold the bale at a density of 448.50 kg/m 3 (28 lb/ft 3 ) with dimensions of 139.70 cm (55 in.) by 53.34 cm (21 in.) by 71.12 cm (28 in.) (Anthony, 1999) . The platens that compress from the top and bottom of the bale are 50.80 cm (20 in.) by 137.16 cm (54 in.) in cross-section with six or eight 2.54 cm (1 in.) wide by 3.81-cm (1.5-in.) deep slots spaced across the width of the platens that allow placement of restraining ties ( fig. 1 ). The slots are sufficiently narrow that the cotton bridges them and the compressive area is 0.70 m 2 (1080 in. 2 ). Depending upon actual density, fiber moisture, fiber distribution, fiber length, micronaire, and other factors, about 3560 kN (800,000 lb) of Mention of a trade name, proprietary product, or specific machinery does not constitute a guarantee or warranty by the U.S. Department of Agriculture and does not imply approval of the product to the exclusion of others that may be available
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O
Eight restraining ties are used on most UD bales (Anthony, 1998e) . However, only six ties have been used for a number of years with some types of tie materials. This trend is increasing as new materials become available. Although research has shown the advantage of using eight focused compressive areas, the six-tie configuration has not been fully investigated. This concept includes using different widths of platen inserts that would be required to employ different widths of bale restraint materials such as wire, synthetic strapping, and steel strapping as well as different numbers of bale ties per bale.
OBJECTIVES
The objectives of this study were to establish the force reductions achieved for different widths and spacing of focused compressive areas, evaluate the concept for different styles of platens, and to ensure that the concept worked in a field environment.
METHODOLOGY
Several types of devices inserted in the platens to reduce compression force requirements were first evaluated. One of the more promising types was a specially configured insert affixed inside the existing slots in the platen and protruding beyond the platen surface about 10.16 cm (4 in.) ( fig. 2 ). The inserts were shaped like an inverted, hollow, and truncated V with a 2.54-cm (1-in.) hole in the center for wire tie insertion and a 0.64-cm (0.25-in.) groove in the top for tie exit ( fig. 3) . The devices preform the bale and allow compressive force to be applied primarily in the area where the ties are to be placed. At maximum compression the cotton assumes the shape of the platen so that the density is 640.72 kg/m 3 (40 lb/ft 3 ) at the insert tip but decreases to about 528.59 kg/m 3 (33 lb/ft 3 ) between the inserts (fig. 4) . The inserts can be combined and constructed as one large device for the top or bottom platens in which the entire surface is preformed. Anthony (1997a; 1998a; 1998b) demonstrated that eight compressive areas of 2.54 cm (1 in.) by 50.80 cm (20 in.) or 0.10 m 2 (160 in. 2 ) instead of the standard platen with a compressive area of 0.70 m 2 (1080 in. 2 )reduced compressive force about 20% for one platen and 35% for two platens. In order to meet the objectives of this research, seven separate studies were conducted with different configurations of the device to ascertain commercial utility and to develop additional validation data. These studies were conducted with the Continental Bespress  at the U.S. Cotton Ginning Laboratory (USCGL) at Stoneville, Mississippi. All cotton was ginned at the Stoneville Lab. using a dryer, cylinder cleaner, stick machine, second dryer, second cylinder cleaner, and two stages of lint cleaning at about 5 bales/h. The hydraulic pressure required to compress the bales was measured with a 24,133-kPa (3500-psi) pressure transducer. The platen separation was determined by installing a reference tape measure along the guide that is used in conjunction with microswitches to control the platen separation. Final pressures were verified with a pressure gauge and final platen separation was verified with manual measurements. Each bale was pressed to a platen separation of 50.80 cm (20 in.) at the tip of the compression point, which for the standard platen was the bottom of the platen but was the top of each one of the steel bars for the platen inserts. Another study was conducted in a commercial gin near Waco, Texas.
STUDY 1
In Study 1, 16 bales of cotton weighing from 204.12 to 226.80 kg (450 to 500 lb) each were compressed in a Continental Bespress  . Six of the bales were compressed to about 50. 80-cm (20-in.) separation between the opposing platens with special 2.54-cm (1-in.) wide by 10.16-cm (4-in.) high inserts installed in the bottom platen; four bales were compressed with inserts in both the top and bottom platens; and six bales were compressed with only the standard platen. Compressive forces and density were measured.
STUDY 2
Eight bales were ginned and compressed to a 50. 80-cm (20-in.) platen separation. For this study, platen separation was measured between the tips of the inserts when top and bottom inserts were used, between the tips of the inserts and the top platens when only bottom inserts were used, or between the standard top and bottom platens when no inserts were used. The actual separation between the original standard platens was 71.12, 60.96, and 50.80 cm (28, 24, and 20 in.) for the top/bottom inserts, bottom only inserts, and standard configurations, respectively. Inserts similar to those in figure 3 were used.
STUDY 3
In order to determine how much the bales expanded in the unrestrained section between the ties, six bales were ginned and compressed with and without inserts similar to those in Study 2. Bale thickness at the hump midway between each tie after the bale was released from the press was measured with specially constructed calipers for each tie on several bales packaged either with or without the inserts.
STUDY 4
Study 4 sought to determine compressive forces when inserts were used on the top and bottom platens as well as the difference in expansion forces exerted on each tie after the bale was released from the press. Eleven bales were ginned and the standard platen was compared to platens with either 10. 48-or 13.02-cm (4.125-or 5.125-in.) high inserts on the bottom platen ( fig. 2) . Strain gauge transducers were installed on the middle four ties of bales ( fig. 5 ). Force readings were taken for 8 days.
STUDY 5
Study 5 was conducted to determine the minimum height of the inserts to ensure that the cotton did not contact the standard platen significantly between the inserts, as this contact would transfer additional force to the platen. The force required to compress cotton with a standard platen and with a bottom platen that had eight 10.48-cm (4.125-in.) tall inserts were compared for 12 bales. In addition, flat plates (shims) 1.27, 2.54, 3.81, and 5.08 cm (0.5, 1, 1.5, and 2 in.) high by 10.16 cm (4 in.) wide were placed between the inserts for some bales to determine how much of the cotton touched the platen between the inserts.
STUDY 6
The study involved compressing 22 bales of cotton weighing about 226.80 kg (500 lb) each at about 5% moisture content to about 640.72 kg/m 3 (40 lb/ft 3 ) density. Platen inserts were constructed that consisted of either six-, or eight-, 8.57-cm (3.375-in.) high by 2.54-, 3.81-, or 5.08-cm (1-, 1.5-, or 2-in.) wide steel bars. The standard platen is shown in figure 1 and two of the six experimental platens that were installed on top of the standard bottom platen are shown in figures 6 and 7.
The study was evaluated using the General Linear Models procedure for SAS with three replications of seven platen types:
six-tie, 2.54 cm (1 in.) wide six-tie, 3.81 cm (1.5 in.) wide six-tie, 5.08 cm (2 in.) wide eight-tie, 2.54 cm (1 in.) wide eight-tie, 3.81 cm (1.5 in.) wide eight-tie, 5.08 cm (2 in.) wide standard (no inserts) Five moisture samples were taken at the lint slide for each bale. The variations in bale weight and lint moisture were removed as covariants during the General Linear Models analysis of variance.
STUDY 7
The purpose of this study was to compare the differences in compression force requirements for a standard bale press platen and for a specially constructed, unitized platen. For this study, 13 bales of cotton weighing about 226.80 kg (500 lb) were ginned. A specially designed unitized platen ( fig. 8 ) was constructed and installed on the bottom platen in the Continental bale press in one of the sides of the doublebox press. The other bottom platen ( fig. 1 ) remained the same. Consecutive bales were ginned alternating between the standard and unitized platens. Five moisture samples were taken on the lint slide. Platen separation of 50.80 cm (20 in.) was used for the standard platen and a platen separation of 57.30 cm (22.56 in.) was used for the unitized platen since the base was actually higher than the base of the standard platen by 6.50 cm (2.56 in.). The flat portion of the unitized platen was 57.30 cm (22.56 in.) apart from the flat part of the top platen. The top platen remained standard for both treatments. This procedure gave the same density at the focal points on the unitized platen as occurred between the flat portion of the standard platen. Analysis of variance using the General Linear Models procedure with SAS (1996) was used to evaluate the results.
STUDY 8
Special platens were constructed for a field test with a Murray PHX press in a gin near Waco, Texas ( fig. 10 ). Each platen consisted of a 1.27-cm (0.5-in.) thick steel plate matching the surface area of the existing platen with eight compressive inserts similar to figure 3 welded to the plate. The plate was bolted to the platen for easy assembly and disassembly. The sample cutter was installed on the plate by constructing a steel shim that allowed the sample cutter to align with the surface of the platen inserts. A special platen was installed on the bottom platen of each of the two sides of a standard up-packing cotton bale press. The top platen was not changed. The platens were used for the entire season. Changes in compression forces were measured with the same pressure gauge that was used for verification in Studies 1-7. Near the end of the season, the experimental platen was removed from one box of the press. Pressures were measured with and without the experimental platen by alternating press boxes while ginning.
Bale thickness was measured at each tie and each hump immediately after release from the press, as well as daily for eight additional days and again after two months. The ties were removed from two bales and allowed to expand (rebound) as they would in a mill lay-down. A wooden frame was used to prevent the bales from falling ( fig. 9 ).
RESULTS

STUDY 1
As shown in table 1, more pressure was required to compress the bale when inserts were used on the bottom platen (21% increase) and on both platens (35% increase) as compared to the original platen. All bales were pressed to about 50.80 cm (20 in.) at the surface of the standard platen. Conversely, when the platen separation at the tip of the inserts was 50.80 cm (20 in.) and the separation at the base platen was 58.42 cm (23 in.), the required compression force was reduced 13%. Note that in Study 1 the separation between the base platens was not changed and the bale was compressed to a much higher density at the tip of the inserts thereby causing an increased force. As a result of this favorable finding, further studies were conducted. Although not measured, the bale tie forces appeared to be much less when inserts were used.
STUDY 2
For the eight bales compared in this study, compressive force was reduced 28% when inserts were used on only the bottom platen and 35% when they were used on both the top and bottom platens. Note that the measurements were made at the tip of the platen inserts in this study and subsequent studies.
STUDY 3
For the six bales compressed with and without inserts, bale thickness averaged about 1.12 cm (0.44 in.) greater for the bales packaged with the benefit of platen inserts.
STUDY 4
For the 15 bales used in this study, the compressive force to achieve the same density at the tip of the inserts was 22.5% less than the force for the standard platen when the inserts were used on the bottom platen as compared to 31.7% less when inserts were used on both the top and bottom platens (table 2). Analyses of variance (F = 210 and P > F = 0.0001) revealed that the compression force required by the standard platen was significantly greater than that required by the inserts, and that there was no significant difference between the inserts as shown below: [a] Means with the same letter are not significantly different.
The lint was packaged at 3% moisture. Table 3 shows the average bale thickness at the hump after packaging with and without the inserts installed in the platen. Initially, the cotton was fluffier" at the hump for the bales packaged with benefit of the inserts. The thickness at the hump averaged 1.78 cm (0.7 in.) greater for the bales packaged with inserts. Note that the calipers were pressed uniformly into the cotton when the measurements were made at the hump. No difficulty was encountered in placing the bagging over the bales at the warehouse four weeks after packaging. Similar comparisons with woven polypropylene bagging placed under the ties to improve the accuracy of the thickness measurements at the tie yielded no differences in bale thickness at the hump between bales packaged with and without inserts. These results indicated that the fluffiness" of the unconstrained cotton caused the difference in thickness. Thus, the bales should fit into the same size bagging and into the same size storage area.
Measurements with the strain gauge transducers over an 8-day period indicated that forces increased about 169.1 N (38 lb) per tie on the bale packaged with inserts (table 4) and increased about 347.1 N (78 lb) per tie on the bale packaged without inserts (table 5). 
STUDY 5
The lint lightly contacted the 3.81-cm (1.5-in.) shim and firmly contacted the 5.08-cm (2-in.) shim; however, the smoothness of the bale exterior did not appear to change. The compression force did not differ statistically ( the bales packaged with the platen inserts as compared to 83.31 cm (32.8 in.) for the standard platen (table 7) . Inserts were also used on both the top and bottom platens for three bales and the force was reduced by 28.5% from that required for the standard platens. For these three bales, the final thickness [83.57 cm (32.9 in.)] after four months storage was not different from the bales packaged with the standard platens. Thus, it appears that the bales will expand to about the same thickness whether the inserts are used or not used. Bagging the bales shortly after packaging will further ensure that the same dimensions are maintained.
STUDY 6
The compressive forces measured by the transducer were significantly affected by platen type and bale weight, but not by lint moisture because of the small differences in moisture ( These data indicate that both the six-and eight-tie patterns benefit substantially when focused compressive inserts are used with advantages to the six-tie pattern with 2.54 or 3.81 cm (1 or 1.5 in.) compressive widths.
STUDY 7
Data for the bales packaged with one unitized platen and one standard platen is summarized in table 10. Since some [b] 2 = density at inserts. [c] Thickness at the hump measured 12 August 1997 after over four months of storage at Leland Compress. Each bale had gained about 5.44 kg (12 lb) of weight. The thickness for three bales pressed with top and bottom platens were 83.57 cm (32.9 in.). [a] Indicates significance at the 1% probability level. [b] ns indicates lack of significance at the 5% probability level.
variation occurred in bale weight and lint moisture, they were both removed as significant covariants in the analyses. Platen types were highly significant. Least square means for the standard and unitized press were 4110 kN (923,587 lb) and 3497 kN (785,789 lb), respectively, based upon measurements with the transducer, or about 18% less.
The thickness of each of the bales at the hump was measured shortly after they were removed from the press, and the bales made with the unitized platen were 0.56-cm (0.22-in.) thicker than those made with the standard platen. Similar measurements later indicated that the bales were 1.60 cm (0.63 in.) different after eight days. After two months of storage, bale thicknesses at the hump were measured immediately before the ties were removed and the following values were found for the standard platen: 85. 73, 82.85, 83.03, 83.52, 84.79, 82.85, 83.82, and 84.28 cm (33.75, 32.62, 32.69, 32.88, 33.38, 32.62, 33.00, and 33.18 in.) . For the unitized platen bales, similar values were 84. 61, 84.79, 82.07, 83.52, 83.52, 83.97, 83.03, and 84.61 cm (33.31, 33.38, 32.31, 32.88, 32.88, 33.06, 32.69, and 33.31 in.) . Both bales averaged 83.82 cm (33 in.) in thickness. The ties were removed from these bales and they were allowed to expand ( fig. 9 ) to whatever dimension that they would freely expand to. Table 11 indicates the thicknesses of the bales measured as they expanded from 25 March to 2 April 1998. The purpose of this segment of the evaluation was to determine the difference in rebound heights that might occur during the textile mill lay-down procedure. Based on these measurements, it appears that there will be no difference between the bloom" and rebound" of the bales when they are opened at the mill.
STUDY 8
The special platens installed in a Murray PHX press in a field gin near Waco, Texas, performed well throughout the entire season (3,181 bales) and reduced the compression force about 10%. This lower force reduction compared to [a] Initial bale thickness was 0.56 cm (0.22 in.) and 1.60 cm (0.63 in.) more for the unitized platen bales after 8 days and 60 days, respectively. Immediately before the ties were removed, however, the bale thickness at the hump averaged 83.82 cm (33 in.) for both bales.
previous studies (20%) was probably due to the sample cutter shown between inserts 6 and 7 in figure 9 . The sample cutter prevents the cotton from collapsing between the adjacent inserts as the cotton does between the other inserts. The sample cutter has nearly as much cross-sectional area as all the inserts combined. Further research is needed to determine how much the cutter can be recessed below the top of the inserts, and thus its negative impact reduced.
SUMMARY
Eight studies evaluated specially configured inserts affixed to a standard gin press platen and protruding a few inches above the platen surface. The inserts preformed the bale and applied compressive force primarily in the area where the ties were to be placed. In general, the cotton assumes the shape of the platen with inserts so that the density at maximum compression is 640.72 kg/m 3 (40 lb/ft 3 ) in the tie area but only about 528.59 kg/m 3 (33 lb/ft 3 ) between the inserts. In one study, the compressive area for each insert was 2.54 cm (1 in.) by 50.80 cm (20 in.) each or 0.10 m 2 (160 in. 2 ) instead of 0.70 m 2 (1,080 in. 2 ) for a standard platen. The inserts can be combined and constructed as one large device for the top or bottom platens. Compressive forces were reduced by 20 to 35% depending on a number of factors such as moisture, density, insert height, and number of inserts used. Comparison of the forces exerted on bale ties for bales packaged with and without the inserts indicated no differences.
Some platen inserts were also constructed that consisted of either six or eight, 8.57-cm (3.375-in.) high by 2.54-, 3.81-, or 5.08-cm (1-, 1.5-, or 2-in.) wide steel bars welded to a base plate in order to determine the feasibility of using six compressive areas instead of eight. The experimental platen inserts were installed on top of the standard bottom platen. Bales weighing about 226.80 kg (500 lb) each were compressed at about 4.5% moisture content to about 640.72 kg/m 3 (40 lb/ft 3 ) density. Seven platen types were evaluated: six-tie, 2.54 cm (1 in.) wide six-tie, 5.08 cm (2 in.) wide six-tie, 3.81 cm (1.5 in.) wide eight-tie, 2.54 cm (1 in.) wide eight-tie, 3.81 cm (1.5 in.) wide eight-tie, 5.08 cm (2 in.) wide standard (no inserts) Least square means (adjusted for bale weight and lint moisture) ranged from 3800 kN (854,021 lb) for the standard platen to 3049 kN (685,197 lb) for the six-tie pattern with 3.81-cm (1.5-in.) compressive points. The six-tie, 3.81-cm (1.5-in.) wide inserts required about 20% less force for compression than the standard platen. The 3.81-cm (1.5-in.) wide inserts are suitable for use with the 1.90 cm (0.75 in.) wide traditional strapping that is in use in the industry today. The 2.54-cm (1-in.) wide inserts are suitable for use with wire ties.
In another study, a specially designed unitized platen was constructed and installed on the bottom platen in a Continental bale press in one of the sides of the double-box press. Least square means for the standardized and unitized press were 4110 kN (923,587 lb) and 3497 kN (785,789 lb), respectively. The thickness of each of the bales at the hump was measured shortly after they were removed from the press and the bales made with the unitized platen were 0.56 cm (0.22 in.) thicker than those with the standard platen. Similar measurements later indicated that the bales were 1.60 cm (0.63 in.) different after eight days. After two months of storage, bale thicknesses at the hump were the same at 83.82 cm (33 in.) for the standard platen and the unitized platen. The ties were removed from these bales and they were allowed to expand to whatever dimension that they would freely expand to. Based on these measurements, it appears that there will be no statistical difference between the bale expansions due to the unitized platen when they are opened at the mill.
Field studies indicated that the special platen inserts performed well during one complete ginning season and reduced forces about 10%. The lower level of force reduction was due to a sample cutter installed to help extract a sample for marketing purposes.
